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Background: Beta-carotene (BC) is a carotenoid which exerts anti-cancer effects in several types of cancer, including colorectal cancer. 
Epigenetic modifications of genes, such as histone deacetylation and DNA hypermethylation, have also been detected in various types 
of cancer. To understand the molecular mechanism underlying cancer preventive and therapeutic effects of BC, microRNAs (miRNAs), 
histone acetylation, and global DNA methylation in colon cancer stem cells (CSCs) were investigated.
Methods: HCT116 colon cancer cells positive for expression of CD44 and CD133 were sorted by flow cytometry and used in subsequent 
experiments. Cell proliferation was examined by the MTT assay and self-renewal capacity was analyzed by the sphere formation assay. 
The miRNA sequencing array was used to detect miRNAs regulated by BC. Histone acetylation levels were measured by the Western 
blot analysis. mRNA expression of DNA methyltransferases (DNMTs) was examined by qPCR and global DNA methylation levels were 
determined by enzyme-linked immunosorbent assay.
Results: Treatment of CD44+CD133+ colon CSCs with BC caused a reduction in both cell proliferation and sphere formation. Analysis 
of the miRNA sequencing array showed that BC regulated expression of miRNAs associated with histone acetylation. Histone H3 and 
H4 acetylation levels were elevated by BC treatment. In addition, BC treatment down-regulated DNMT3A mRNA expression and global 
DNA methylation in colon CSCs.
Conclusions: These results suggest that BC regulates epigenetic modifications for its anti-cancer effects in colon CSCs.
(J Cancer Prev 2019;24:224-232)
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INTRODUCTION

Beta-carotene (BC) is a carotenoid which has been known to 

exhibit anti-cancer effects in various cancers [1-3]. Its anti-cancer 

effects are mediated by induction of apoptosis, regulation of cell 

growth, inhibition of cell proliferation, delay in cell cycle 

progression, antioxidant activity, and modulation of the immune 

system [1,3-5]. In particular, BC has been shown to inhibit the 

cancer cell stemness in neuroblastoma [6].

Colorectal cancer (CRC) is the third most commonly diagnosed 

cancer in the United States and the second highest cause of 

mortality among men and women [7]. Prevalence of CRC risk is 

closely related to various lifestyle factors, including alcohol 

consumption [8], obesity [9], physical inactivity [10], and smoking 

[11]. Numerous reports have additionally suggested that dietary 

factors related to the CRC risk include a low consumption of fruits 

and vegetables, a low fiber diet, a low residual diet [12], and high 

consumption of red/processed meats [13]. CRC patients often 

experience tumor recurrence after cancer treatment, and this can 

be explained by the existence of cancer stem cells (CSCs). CSCs are 

a small population of cancer cells which possess a self-renewal 

capacity and an ability to initiate clonal tumors [14]. CSCs resist 

treatments such as radiation therapy and chemotherapy. 

Therefore, targeting of CSCs has been identified as a fundamental 

strategy to effectively eliminate tumor cells and prevent the 

tumor relapse.
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Epigenetic alterations can involve modifications of specific 

amino acid present in histone tails, particularly changes in the 

methylation status of cytosine residues in DNA and regulation of 

small non-coding RNAs. Promoter hypermethylation and histone 

hypomethylation have been associated with poor prognosis in 

various cancers, including colon, lung, prostate, and breast 

cancers [15-18]. Previous studies also have shown that microRNAs 

(miRNAs) modulate histone modifications and gene promoter 

DNA methylation [19,20]. MiRNAs target the 3’ noncoding region 

of mRNA to induce gene silencing, thereby regulate gene 

expression. In addition, miRNAs are associated with the 

development and progression of cancer, including regulation of 

cell proliferation, cell cycle progression, and apoptosis [21,22]. 

Thus, it is important to elucidate miRNAs, as well as interactions 

between miRNAs and their target genes, which play a role in the 

development and progression of cancer. 

Many cancers are characterized by a loss of global histone 

acetylation. Correspondingly, mutation of histone deacetylase 

(HDAC) encoding genes and deregulation of HDAC proteins have 

been linked to tumor development since they regulate cell cycle 

progression, proliferation, and apoptosis [23,24]. However, 

HDAC inhibitors (HDACi) can help compensate for global histone 

loss in cancer and re-activate silenced genes. For example, HDACi 

can block utilization of HDAC substrates, induce apoptosis, and 

enhance sensitivity to cancer therapies [25,26]. Dietary factors 

can also regulate histone modification. For example, sulfora-

phane from broccoli, cauliflower, and cabbage have been reported 

to exert anti-cancer effects on pancreatic, prostate, and CRCs by 

targeting HDAC [27,28].

Many cancers exhibit global hypomethylation and promoter 

hypermethylation in the distinct set of tumor suppressor genes. 

Correspondingly, DNA hypermethylation has been associated 

with poor cancer prognosis and therapy resistance [29]. In a 

clinical trial, azacytidine (AZA), a representative demethylating 

agent, improves bioavailability and survival for myelodysplastic 

syndromes in clinical trial [30]. Thus, regulation of DNA represents 

an attractive strategy for cancer treatment. 

In the present study, we demonstrate that BC is able to suppress 

the proliferation of colon cancer cells by regulating miRNAs, H3 

and H4 acetylation, and global DNA methylation.

MATERIALS AND METHODS 
1. Cell culture and treatment

The human colon cancer cell line, HCT116 was purchased from 

American Type Culture Collection (ATCC, Manassas, VA, USA). 

HCT116 cells were double-stained with CD133 and CD44 

monoclonal antibodies (Miltenyi Biotec, Bergisch Gladbach, 

Germany) and sorted with a FACSAria flow cytometer (BD, 

Franklin Lakes, NJ, USA). CD133+CD44+ HCT116 CSCs were 

maintained in McCoy’s 5A Medium (Welgene, Daegu, Korea) 

supplemented with 10% FBS (Gibco, Gaithersburg, MD, USA) and 

1% penicillin streptomycin (100 U/mL and 100 g/mL, respec-

tively; Invitrogen, Carlsbad, CA, USA). BC (Sigma-Aldrich, St. 

Louis, MO, USA) was dissolved in tetrahydrofuran (Sigma-Aldrich) 

under dim light. Concentration of 20 M BC (BC 20) and 40 M BC 

(BC 40) were applied to HCT116 cells for 6 days. Following the 

dissolution of 5-aza-2’-deoxycytidine (AZA; Sigma-Aldrich) in 

dimethylsulphoxide (DMSO; Sigma Aldrich), this solution was 

incubated with cells for 3 days. Cultured medium was replaced 

every 48 hours with fresh media and BC.

2. Cell proliferation and viability evaluations

To analyze cell proliferation and viability, the MTT assays and 

the trypan blue exclusion tests were performed, respectively. 

Briefly, CD133+CD44+ HCT116 cells were seeded and treated 

with various concentrations of BC. After treatment, media was 

removed from each well and was replaced with 200 L MTT 

solution (Sigma-Aldrich). After 3 hours at 37oC, the supernatants 

were removed and 100 L DMSO solution (Sigma-Aldrich) was 

added to each well. After any remaining formazan crystals were 

fully dissolved in DMSO, absorbance values at 570 nm were 

recorded by a microplate reader (Molecular Devices, Sunnyvale, 

CA, USA). For the trypan blue assay, the cells were harvested and 

stained with 0.4% trypan blue solution (Sigma-Aldrich). Both 

viable and non-viable cells were counted under a phase contrast 

microscope (Nikon Instruments Co. Ltd., Tokyo, Japan).

3. Sphere formation assay

CD133+CD44+ HCT116 cells were seeded (1 × 104 cells/well) 

and cultured in 6-well plate coated with a 1.2% poly-2-hydroxymethyl 

methacrylate (Sigma-Aldrich) solutions. The seeded cells were 

maintained in Dulbecco’s modified Eagle’s medium/Ham’s F-12 

Medium (1：1, Welgene) medium supplemented with 2% B27 

(Invitrogen), 20 ng/mL recombinant human epidermal growth 

factor (Pepro Tech, Rocky Hill, NJ, USA), and 40 ng/mL 

recombinant human fibroblast growth factor (Pepro Tech). After 

incubation for 10-14 days, the spheres were photographed and 

counted under a phase contrast microscope (Nikon Instruments 

Co. Ltd.).
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Figure 1. Effects of BC on the proliferation and sphere formation capacity of CD133+CD44+ HCT116 cells. CD133+CD44+ double-stained HCT116
cells were treated with 20 M and 40 M BC for 6 days. (A) Cell proliferation was examined by the MTT assays as described in Materials 
and Methods. (B) The trypan blue exclusion assay determined the percentage of live cells after BC treatment. (C) Spheres formation was photo-
graphed under a phase contrast microscopy (× 100 magnification). (D) The relative numbers of spheres formed were counted. All data are 
presented as the means ± SEM. Subscripts on top of each bar indicate significant differences of group means (P ＜ 0.05). CTRL, control; BC, be-
ta-carotene. aP ＜ 0.001 compared to the control group; bP ＜ 0.05 compared to the control group.

4. High-throughput RNA sequencing of small non- 
coding RNAs

Total RNA was isolated from cells treated with 40 M BC. Both 

quality and quantity of the RNA samples collected were checked 

by using a Nanodrop One instrument (Thermo Fisher Scientific, 

Waltham, MA, USA). A library was prepared from the total RNA 

samples by using a NEXTflex Small RNA-Seq Kit v3 (Illumina Inc., 

San Diego, CA, USA). A raw data quality check was conducted and 

low-quality bases were trimmed from the 3’ end of the adapter 

sequences by Cutadapt (v 1.13) [31]. After an initial quality check, 

the miRNAs were filtered. Small non-coding RNA data were then 

generated with a HiSeq2500 high-throughput sequencing system 

(Illumina) at Theragen Etex Bio Institute (Suwon, Korea). 

5. Analysis of expressed microRNAs and target gene 
predictions

Annotation of non-coding RNAs was conducted according to 

instructions provided by Theragen Etex Bio Institute. 

Differentially expressed mRNAs in the BC treated group were 

selected based on cutoff criteria of ＞ 1.5 fold change and P ＜ 

0.05. Target genes of candidate miRNAs significantly regulated by 

BC treatment were predicted by miRDB (http://www.mirdb.org/). 

Target genes were further analyzed with use of DAVID (https:// 

david.ncifcrf.gov/), Gene Ontology (GO) term enrichment and the 

KEGG pathway of target genes (scoring ＞ 85) analyzed.

6. Western blot analysis

Cells were lysed with 200 L ice-cold lysis buffer containing 10 

M Tris-Cl (pH 8.0), 1 mM KCl, 1.5 mM MgCl2, 10 mM sodium 

butyrate, 1 mM dithothreitol, 100 M phenylmethylsulfonyl 
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Table 1. Differentially expressed miRNAs between the control 
group and the -carotene treatment group

Down-regulated 
miRNA

Log2
fold change P-valuea

hsa-miR-7974 1.266014 3.93E-09
hsa-miR-92a-1-5p 1.350586 5.06E-08
hsa-miR-33b-3p 0.953524 3.89E-07
hsa-miR-1260b 0.611769 7.92E-07
hsa-miR-5100 1.971224 1.38E-06
hsa-miR-1260a 0.593539 1.04E-05
hsa-miR-4521 1.113696 0.000153
hsa-miR-581 4.868677 0.000510
hsa-miR-296-3p 1.808432 0.001185
hsa-miR-4461 1.181834 0.001300

miRNA, microRNA. aTen miRNAs were shown to be significantly dif-
ferent by 1.5-fold changes with P ＜ 0.05 (n = 3). 

fluoride, and 10 × protease inhibitor cocktail. Histone proteins 

were extracted with 0.4 M sulfuric acid solution overnight at 4oC. 

Extracted proteins were subsequently precipitated with 25% 

trichloroacetic acid (Daejung, Siheung, Korea) and washed with 

acetone-HCl and cold acetone. Total protein concentrations were 

determined with a Bio-Rad Protein Assay Kit (Bio-Rad, Hercules, 

CA, USA). Total protein concentrations were loaded into 18% SDS 

PAGE gels and transferred to polyvinylidene difluoride mem-

branes (Millipore, Billerica, MA, USA). The membranes were 

subsequently blocked and then incubate with primary antibodies 

recognizing H3ac (Active Motif, Carlsbad, CA, USA), H4ac (Active 

Motif), H3 (Santa Cruz Biotechnology, Dallas, TX, USA), and H4 

(Cell Signaling Technology, Boston, MA, USA). Bound antibodies 

were visualized with chemiluminescence reagents (Animal Genetics 

Inc., Suwon, Korea) and quantified with Image J software (US 

National Institutes of Health, Bethesda, MD, USA).

7. Quantitative real-time PCR

Total RNA was isolated from cells by using TRIzol Reagent 

(Invitrogen). RNA concentrations and purities were determined 

with a Nanodrop One (Thermo Fisher Scientific). Complementary 

DNA (cDNA) was synthesized with a RevertAid First Strand cDNA 

Synthesis Kit (Thermo Fisher Scientific). Quantitative real-time 

PCR was conducted by using SYBR Green mater mix and a 

Rotor-gene Q (Qiagen, Hilden, Germany). Glyceraldehyde 

3-phosphate dehydrogenase (GAPDH) was used as an internal 

control to normalize gene expression. Sequences of primers used 

in this study are followed: DNMT1 forward, 5’-CCGAG 

TTGGTGATGGTGTGTAC-3’, DNMT1 reverse, 5’-AGGTTGATGTCT 

GCGTGGTAGC-3’; DNMT3A forward, 5’-TATTGATGAGCGCACAA 

GAGAGC-3’, DNMT3A reverse, 5’-GGGTGTTCCAGGGTAACATTGA 

G3’; GAPDH forward, 5’-AGAAG GCTGGGGCTCATTTG-3’, GAPDH 

reverse, 5’-AGGGGCC ATCCACAGTCTTC-3’.

8. DNA 5-mC determination

Genomic DNA (gDNA) was extracted from cells and purified by 

using an AccuPrepⓇ Genomic DNA Extraction Kit (Bioneer, 

Daejeon, Korea). Methylation levels of the gDNA samples were 

examined by the MethylFlash Global DNA Methylation (5-mC) 

ELISA Easy Kit (EpiGentek Group Inc., Farmingdale, NY, USA). 

Colorimetric absorbance values were recorded at 450 nm by a 

microplate reader (Molecular Devices). Levels of DNA methylation 

(5-mC) were calculated based on a standard curve (R2 = 0.9927).

9. Statistical analysis

All experimental results are expressed as means ± SEM 

derived from at least three separate experiments. Statistical 

analyses were performed by using GraphPad PRISM Software 

(GraphPad Software, SanDiego, CA, USA). Analysis of variance 

was followed by one-way analysis of variance (ANOVA) with 

Newman–Keuls multiple comparison (post hoc) test. P ＜ 0.05 

were considered statistically significant.

RESULTS
1. Effects of beta-carotene on cell proliferation and 

sphere formation of colon cancer stem cells

To evaluate the effect of BC on cell proliferation, the MTT assay 

was performed. CD133+CD44+ HCT116 cells treated with 20 M 

and 40 M BC exhibited significant decreases in the proliferation 

of 13.29% and 32.85%, respectively (both P ＜ 0.01) (Fig. 1A). 

Additionally, the trypan blue exclusion test indicated that BC 

treatment did not induce toxicity (Fig. 1B). To analyze the effect of 

BC on self-renewal capacity, the sphere formation assay was 

conducted. This characteristic of CSC was decreased at both BC 

treatment for CD133+CD44+ HCT116 cells (Fig. 1C). The relative 

number of spheres was also significantly decreased in the BC 40 

group compared to the control group (P ＜ 0.05) (Fig. 1D).

2. Effect of beta-carotene on the expression profiles 
of various microRNAs

To determine whether BC could alter the expression profiles of 

various miRNAs, high-throughput small non-coding RNA sequencing 

was performed. Trimmed small RNAs, ranging in length from 

17-25 nts, were selected by size fractionation. A total of 1,477 

reliable miRNAs were identified. Among these 10 miRNAs 

exhibited significantly different expression profiles between the 
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Figure 2. Categories of GO biological
processes and the KEGG pathways 
identified as enriched. (A) GO bio-
logical processes and (B) the KEGG 
pathways associated with the top 9 
down-regulated miRNAs in the BC 
treatment group. GO, Gene Ontology;
BC, beta-carotene.

BC group and the control group (i.e., |fold changes| ＞ 1.5 with P ＜ 

0.05). Unexpectedly, all 10 miRNAs were down-regulated in 

response to 40 M BC compared to the control group (Table 1). 

When target genes of the top 9 significant miRNAs were analyzed, 

741 genes were identified. 

Next, the selected target genes were analyzed and clustered by 

GO enrichment and the KEGG pathways (Fig. 2). Twelve GO 

biological processes were identified as significantly enriched (P ＜ 

0.05). These processes include cilium assembly, circadian regu-

lation of gene expression, peptidyl-lysine dimethylation, histone 

H4-K5 acetylation, histone H4-K8 acetylation, histone H4-K12 

acetylation, histone H4-K16 acetylation, peptidyl-lysine mono-

methylation, intracellular receptor signaling pathway, steroid 

hormone mediated signaling pathway, negative regulation of 

protein kinase activity, and histone H3 acetylation. In addition, 

nine KEGG pathways were identified as significantly enriched (P ＜ 

0.05): Insulin resistance, Glutamatergic synapse, Insulin secretion, 

GABAergic synapse, Amphetamine addiction, Ether lipid meta-

bolism, Cocaine addiction, Circadian rhythm, and Dopaminergi 

synapse.

3. Effect of beta-carotene on acetylation of histones 
H3 and H4 in colon cancer stem cells

Since miRNAs regulated by BC correlate with multiple target 

genes which affect histone acetylation, we assayed the effect of 

BC on acetylation of histones H3 and H4. Compared to the control 

group, protein levels of H3ac increased by about 1.5-fold (P ＜ 

0.05) and 3-fold (P ＜ 0.01) in the BC 20 and BC 40 groups, 

respectively (Fig. 3A). Meanwhile, expression of H4ac was 

significantly up-regulated by about 3.5-fold (P ＜ 0.05) in the BC 

40 group compared with the control group (Fig. 3B). Taken 

together, these results indicate that BC affects histone 

modifications by increasing acetylation of histones H3 and H4.

4. Effect of beta-carotene on expression of DNMT3A 
and global DNA methylation in colon cancer stem 
cells

To examine the effect of BC on DNA methylation, expression 

of DNMT and levels of global DNA methylation were analyzed. 

Treatment with AZA was included as a positive control. Neither 
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Figure 3. Effect of BC on expression of H3ac and H4ac. CD133+CD44+ HCT116 cells were treated with 20 M and 40 M BC for 6 days.
Histone protein lysates from treated cells were subjected to Western blot analysis for the measurement of H3ac (A) and H4ac (B) expression
levels. Representative blots are shown in the upper panel, and quantification of these blots is presented in the lower panel. Histone H3
and H4 are included as internal controls. All data are presented as means ± SEM. One-way ANOVA and the Newman–Keuls multiple comparison
test were performed. Subscripts on top of each bar indicate significant differences of group means (P ＜ 0.05). CTRL, control; BC, beta-carotene.
aP ＜ 0.05 compared to the control group; bP ＜ 0.01 compared to the control group.

Aza, nor BC, treatment affected expression of DNMT1 compared 

to the control group (Fig. 4A). However, the mRNA level of 

DNMT3A was down-regulated in both the AZA and BC groups 

compared to the control group. Specifically, the levels of 

DNMT3A were decreased by 70 % and 52% in the BC 20 and BC 40 

groups, respectively (both P ＜ 0.05) (Fig. 4B). 

Global DNA methylation levels were also found to be 

decreased by 44% and 36% in the BC 20 and BC 40 groups, 

respectively compared to the control group (both P ＜ 0.01; Fig. 

4C). In comparison, a significant reduction in both DNMT3A 

expression and global DNA methylation levels was observed in 

the AZA group (P ＜ 0.01). Taken together, these results indicate 

that BC down-regulates DNA methylation in colon CSCs. 

DISCUSSION

In the present study, BC exerted an anti-cancer effect on colon 

CSCs through epigenetic regulation mechanisms involving 

expression of miRNAs, histone acetylation, and global DNA 

methylation. For example, BC treatment induced an increase in 

histone acetylation and down-regulation of both DNMT3A mRNA 

expression and global DNA methylation levels. In addition, BC 

suppressed proliferation and the self-renewal potential of 

CD133+CD44+ HCT116 cells.

In cancer, promoter-specific hypermethylation, global hypo-

methylation and loss of global histone acetylation are events 

which mediate epigenetic regulation [32]. In particular, inhi-

bition and interference of DNA methylation events can lead to 

reactivation of silenced genes. In clinical trials, two novel deme-

thylating agents, AZA and decitabine, have exhibited the 

therapeutic effects [33]. Clinical trials involving patients with 

colon cancer have also demonstrated that HDACi can be used as 

an anti-cancer drug [34]. In the present study, BC exhibited an 

anti-cancer potential by regulating DNA demethylation and 

histone acetylation in colon CSCs.

It has been demonstrated that some miRNAs are associated 

with various stages of cancer [35,36]. In the present study, BC 

down-regulated miRNA-1260b and miRNA-296-3p, both of which 

are known to have an oncogenic function in several types of 

cancer. For example, miRNA-1260b targets Wnt antagonist genes 

and inhibits tumor suppressor genes in renal cancer [37]. In 

addition, overexpression of miRNA-1260b has been reported to 

be involved in the metastasis of non-small cell lung cancer [38]. 

For miR-296-3p, it has exhibited resistance to natural killer cells to 

increase metastatic potential of prostate cancer cells [39]. Higher 

levels of miR-296-3p have also been detected in non-small cell 

lung cancer [40]. 

It has previously been shown that miRNAs can regulate 
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Figure 4. Effect of BC on DNA methylation in CD133+CD44+ HCT116 cells. Relative mRNA levels of DNMT1 (A) and DNMT3A (B) were
analyzed by qPCR as described in Materials and Methods. GAPDH was detected as a loading control. (C) Global DNA methylation levels were
determined in ELISAs. The AZA treatment group was used as a positive control. All analyses were conducted at least three independent 
experiments. One-way ANOVA and the Newman–Keuls multiple comparison test were performed. CTRL, control; AZA, 1 M 5-aza-dC; BC,
beta-carotene; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. aP ＜ 0.05 compared to 5-aza-dC group; bP ＜ 0.05 compared to the control
group; cP ＜ 0.01 compared to the control group.

enzymes involved in histone acetylation and DNA methylation 

[41,42]. Thus, a noteworthy result of the present study is that BC 

down-regulates the expression of miRNAs associated with 

histone acetylation. Furthermore, in the GO term analysis we 

conducted, acetylation of histone H4 lysine, including lysines 

H4-K5, H4-K8, H4-K12, and H4-K16, were identified as significant 

biological process categories. Loss of histone H4-K16 monoa-

cetylation has been shown as a signature of human cancer [43]. In 

addition, histone H3 acetylation is associated with significant 

enrichment in biological processes. Based on these findings, we 

speculate that BC up-regulates histone acetylation through 

down-regulation of oncogenic miRNAs in colon CSCs. It remains 

for further studies to confirm this hypothesis. 

Consistent with our miRNA sequencing data, protein expre-

ssion of histones H3 and H4 acetylation was significantly 

increased following BC treatment. Previously, a decrease in 

histone modifications was associated with an increase in cancer 

recurrence risk and poor cancer prognosis [44,45]. Moreover, 

overexprssion of HDAC has been in cancer progression [24]. 

Therefore, HDAC can be a promising target for chemoprevention 

as well as therapy. For example, when the epigenetic drug, 

sulforaphane is used as a cancer treatment, significant HDAC 

inhibition and increased global acetylation at histones H3 and H4 

have been observed [46]. 

The overexpression of DNMT has been detected in various 

types of cancers [47]. In the present study, BC treatment of 

CD133+CD44+ HCT116 cells did not affect DNMT1 expression, 

and it down-regulated expression of DNMT3A. In line with this 

observation, the expression of DNMT1 and DNMT3B was 

decreased in colon cancer cells after anthocyanin treatment [48]. 

In HCT116 cells treated with epigallocatechin gallate, present in 

green tea, DNMT3A expression was also decreased [49]. In the 
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present study, we found that BC treatment significantly 

decreased global DNA methylation levels in the colon CSCs 

examined. Consistent with our findings, a previous study has 

demonstrated that BC suppresses the global DNA methylation in 

human umbilical vein endothelial cells [50]. 

In conclusion, the present study demonstrates that BC 

suppresses the proliferation and self-renewal capacity of colon 

CSCs by regulating epigenetic modifications. Specifically, BC 

regulates miRNAs and increases the expression of miRNA- 

mediated histone acetylation. Concomitantly, BC decreases 

mRNA expression of DNMT3A and global DNA methylation 

levels. Taken together, this study suggests anti-cancer effects of 

BC in CRC and its potential for use in the management of cancer 

treatment.
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